Introduction

37
It has been shown that yeasts are involved in the spoilage of an 38 extensive range of foods according to their metabolic and physiolog-39 ical capabilities (Stratford, 2006) . However, in order to establish 40 contamination sources during food processing and thus avoid 41 economic losses, it is essential not only to identify which species are 42 present but also to discriminate them at strain level.
43
In terms of spoilage ability some of the most dangerous yeasts are 44 found in the Zygosaccharomyces genus. This genus includes osmoto-45 lerant, strongly fermentative yeasts that are able to resist weak-acid 46 preservatives such as benzoic and sorbic acids (Casas et al., 2004) .
47
These physiological characteristics are responsible for their well-48 known ability to cause spoilage (Stratford, 2006) . Among these yeasts 49 are Z. mellis, isolated from honey, syrups and from low a w products in 50 general (Stratford, 2006) , and the Z. rouxii and Z. bailii species, 51 commonly found in the food and drinks industries. Although the Z.
52
rouxii species is involved in production of food such as miso and 53 traditional balsamic vinegar (Solieri and Giudici, 2008) , it is also 54 frequently isolated from low a w spoiled foods like marzipan or nougat 55 (Casas et al., 2004; Martorell et al., 2005) . According to the 56 zymological indicators defined by Sancho et al. (2000) , they are 57 considered to be some of the most dangerous yeasts for product 58 stability in fruit pulps and concentrates.
59
In order for some of the Zygosaccharomyces species to be strain-60 typed, several molecular techniques have been studied. Törok et al. 61 (1993) proposed an electrophoretic karyotyping, and Esteve-Zarzoso et hand, it is to characterize Z. bailli and Z. rouxii at strain level, they 66 suggested the combination of RFLP and RAPD analysis. A combination of 67 several typing techniques was therefore required (Maqueda et al., 2010 Q1 ) .
68
The intergenic region (IGS) of rDNA has the advantage that its 69 locus is more variable than other existing loci investigated so far 70 (Sugita et al., 2001) . Several studies have exploited this region.
71
Sequence analysis of the IGS region permitted the separation of 72 clinical isolates of Cryptococcus neoformans into two varieties (Diaz et 73 al., 2005; Diaz and Fell, 2000; Fan et al., 1995) . Strain typing of Pichia 74 anomala has also been achieved by analysing the sequence of the 75 intergenic region 1(IGS1) (Bhardway et al., 2007 (Naumova et al., 2005) . We were previously 82 able to differentiate the Debaryomyces hansenii yeast species in foods 83 through PCR-RFLP of the IGS region (rDNA) (Romero et al., 2005) . This 84 also allowed us to separate the Debaryomyces genus into species and 85 varieties (Quirós et al., 2006) .
86
The aim of this investigation is to evaluate the usefulness of PCR-
87
RFLP analysis of the IGS region of rDNA as a single typing method for (annealing) and a final extension at 72°C for 10 min as previously 124 developed in our laboratory (Romero et al., 2005; Quirós et al., 2006) .
125
In order to improve the results the following protocol was evaluated:
126
(ii) 25 μl containing target DNA (100 ng), 12.5 μl 2xGC buffer I or II The first letter corresponds to the species:
microellipsoides (Mi), Z. rouxii (R), followed by the letter corresponding to the endonucleases: HapII (A), HhaI (B), MboI (C) and finally a number corresponding to the pattern. CBS, Centraalbureau voor Schimmelcultures, The Netherlands; CECT, Colección Española de Cultivos Tipo, Spain. The remaining strains were isolated and identified in our laboratory. t1:80 a Z. cidri and Z. fermentati are proposed as Lachancea species and Z.microellipsiodes as Torulaspora species (Kurtzman, 2003, FEMS Yeast 24,403-417 
Results
173
The IGS region (rDNA) with a size lower than 4000 bp was Kurtzman, 2003) species to 7000 bp for the Z. kombuchaensis species.
181
As can be observed in Table 1 , the size of the amplification products is 182 identical when the strains belong to the same species.
183
The digestion of the IGS amplification product reveals 37 different 184 patterns for HapII, 32 for HhaI, and 43 for MboI enzymes (Tables 1 and 2) . (Tables 1 and 2 , Fig. 1 ).
193
The restriction patterns obtained with all three endonucleases, as analysed, together with the dendrogram (Fig. 3) 100% similarity with strains belonging to Z. rouxii species (see Table 3 ).
211
Two patterns were therefore added to Z. rouxii strains ( Table 1 ). The
212
CECT 11923 and CECT 10425 strains were also confirmed as Z. rouxii. 
Discussion
214
In food industries, strain typing can be considered from two and found that they could not be distinguished by those methods.
247
Although both come from Japan, the origin of only one of them is 248 known (Table 1) . Based on these results we propose that both isolates 249 belong to the same strain.
250
Other examples of identical RFLP pattern were found in the CECT we propose that both isolates belong to the same strain. profile of the IGS region of rDNA which included the common bands 259 described above for the greater part of Z. rouxii examined (Table 2) .
260
The D1/D2 domain 26S rDNA and ITS sequence analysis showed that cluster (Fig. 3 ) may indicate that they could also be hybrids. These Fig. 3 . Dendrogram based on the IGS-PCR restriction analysis of Zygosaccharomyces species isolated in our laboratory or from Type Culture Collections. Distance estimations were calculated following the method described by Nei and Li (1979) . Robustness of the tree was estimated with bootstrap values on 1000 replicates indicated as a percentage. Saccharomyces cerevisiae CECT194n NT was used as the outgroup species. *Z. cidri and fermentati are proposed as Lachancea species and Z. microellipsiodes as Torulaspora species (Kurtzman, 2003, FEMS yeast 24, 403-417) . ** Strains identified in this study as Z.rouxii are shown in Table 3 .
authors suggest that yeast hybrids may be more abundant than 272 previously thought; in fact, Solieri et al. (2007) for the majority of food spoilage by yeasts (Stratford, 2006) and some 290 specific associations are frequent and often predictable (Fleet, 2006) .
291
This generally narrows the candidates for yeast spoilage in a specific endonucleases (Barata et al., 2008; Esteve-Zarzoso et al., 1999 , 2003 yeast-id.com (CECT)).
298
In conclusion, the PCR-RFLP analysis of the IGS region of rDNA is a 
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